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Possible existence of E^—Lp and Ep—Eiso correlations for 
Short Gamma-Ray Bursts with a factor 10 to 100 dimmer 
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! ABSTRACT 

^ f We analyzed correlations among the rest frame spectral peak energy Ep, the ob- 

served frame 64ms peak isotropic luminosity Lp and the isotropic energy Eiso for 
13 Short Gamma Ray Burst (SGRB) candidates having the measured redshift z, 
Tgo^/(l + z) < 2 sec and well determined spectral parameters. A SGRB candi- 
^ I date is regarded as a misguided SGRB if it is located in the 3-cr region from the 

best fit function of the Ep-Eiso correlation for Long GRBs(LGRB) while the others 
are regarded as secure SGRBs possibly from compact star mergers. Using 8 secure 
SGRBs out of 13 SGRB candidates, we tested whether Ep~Eiso and Ep-Lp cor- 
relations exist for SGRBs. We found that Ep-E^so correlation for SGRBs(£^iso = 
^ ; 105i-42±o i5erg s-i(£;p/774.5 keV)i-^s±°-28) seems to exist with the correlation coefh- 

■ ceint r — 0.91 and chance probability p = 1.5 x 10~^. We found also that the Ep-Lp 

O; correlation for SGRBs(Lp = 1052.29±o.066gj.g g-i(£;p/774 5 ]jgY)i.59±o.ii) jg tighter 

than Ep-Eiso correlation since r = 0.98 and p = 1.5 x 10~^. Both correlations for 
(•~^ ■ SGRBs are dimmer than those of LGRBs for the same Ep by factors '-^100(i?p-£'iso) 

^SJ . and r^lO{Ep-Lp). Applying the tighter Ep-Lp correlation for SGRBs to 71 bright 

BATSE SGRBs, we found that pseudo redshift z ranges from 0.097 to 2.258 with the 
mean < z > of 1.05. The redshifts of SGRBs apparently cluster at lower redshift than 
those of LGRBs (< z >^ 2.2), which supports the merger scenario of SGRB. 
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1 INTRODUCTION 

For Long Gamma Ray Bursts (LGRBs), several observa- 
tional correlations among the rest frame spectral peak en- 
ergy Ep, the peak isotropic luminosity Lp and the isotropic 
energy iJiso in the prompt emission phase ha ve been pro- 
posed . Ep-Eiao correlation was first reported by Amati et al 
||2002| ) and argued by many autho r s |Sakamo to c t al 



20041: iLamb et all |2004| : lAmatil l2006l : lAmati et all [20091 : 
Yonetoku et al.ll2010h" 



As for Lp, Yonetoku et al.l l|2004l 'l reported a rather 
tight correlation between Ep and the observed frame 1- 
second peak isotropic luminosity Lp. In 2004, the num- 
ber of LGRBs with well determined redshifts and spec- 
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tral parameters was only 16. Nevertheless, the correlation 
was found to be very tight: the linear correlation coeffi- 
cient (r) between log Ep and log Lp is 0.958 and the chance 
probability (p) is 5.3 x 10~^. Several au thors argued on 
the prop erty of the Ep-Lp correlation l|Ghirlanda et al.] 
|2005b, a: .Krimm et al.]|2009l ) and confirmed the existence, 
while iTsutsui et al.l (|2009l ) found that adding a new observ- 
ables Tl, the luminosity time defined by Tl = Eiso/Lp, im- 
proves the correlation and gave Ep-T^-Lp correlation. In 
Ep-Ti^-Lp correlation, the systematic error is reduced by 
40 % compared with the Ep-Eiso and Ep-Lp correlations. 



iGhirlanda erakl l|2004 ) applied the Ep-Lp correlation 
to bright short Gamma Ray Bursts (SGRBs) observed by 
BATSE without measured redshift. That is, they assumed 
that SGRBs obey the same Ep-Lp correlation of LGRBs 
and estimated the pseudo redshifts of SGRBs although 
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no evidence for the existence of the Ep-Lp correlation for 
SGRBs at that time. They found that the pseudo redshifts 
are obtained for all selected SGRBs and the distribution 
is similar t o that of LGRB s known at that time. On th e 
other hand. iNakar fc Piraj] (|2005|): iBand fc Preecd l|2005h : 
iButler et al.l ('2007''): 'S hahmoradi fc Nemirofj (|2010l) argued 
that Ep-Lp correlation might be due to selection effects, 
since Ep was determined f r om th e time integrated spectra. 
However, iGhirlanda et al.l (|2010l ) showed that in the indi- 
vidual pulses of several LGRBs, Ep-Lp correlation holds 
for each pulse even though Ep changes an order of magni- 
tude from puls e to pulse. S i milar property was found for 
GRB061007 bv lOhno etHI (|2009l '). These results strongly 
suggest that Ep-Lp correlation is not a result of selection 
biases but a real physical one. 

As for SGRBs, the number of SGRBs with measured 
redshifts and -Ep was so small that it was difficult to check 
if Ep- Lp correlation holds or not. However. IGhirlanda et al] 
l|201ll ) showed that for 14 Fermi/GBM SGRBs without red- 
shifts, the individual pulses follow a relation of Ep oc Fp^i^^ 
with s ~ 1 where -Fpuiae is the observed energy flux. This re- 
m inds us what happened to the individual pulses of LGRBs 
in IGhirlanda et all l|2010l ) and suggests that a similar corre- 
lation might exist even for SGRBs in the rest frame. 

In this Letter, we select 13 SGRB candidates with well 
determined redshift, spectral parameters, Ep, Lp and Eiso to 
see if the correlations among Ep, Lp and Eiso exist. In section 
2, we will show that our criteria on SGRBs yield 8 secure 
SGRBs out of 13 SGRB candidates. Using these SGRBs, we 
examine if the Ep-Eiso and Ep-Lp correlations exist or not. 
In section 3, we will apply the Ep-Lp correlation obtained 
in section 2 to 71 bright BATSE SGRBs without measured 
redshift to determine the pseudo redshift z. Section 4 will 
be devoted to discussions. Throughout the paper we adopt 
a cosmological model with SIa = 0.7, Qm = 0.3 and Hq = 
70kms-^Mpc-i 



2 SGRBS WITH WELL DETERMINED 
REDSHIFT Z, Ep, Lp AND Eiso 

In the previous works, it has been checked whether SGRBs 



and the fiuence Sobs within the energy range between -Bmin 
and -Bmax of each instrument. In order to obtain tighter cor- 



are consistent wit h the E p -Eiao and Ep-Lp correlations 
for LGRBs. First, lAmatil (|2006l ) showed that two short 
GRBs are clear outliers of the Ep-Eiso correlation. Then, 
IGhirlanda et all l|2009f ) also found that their six SGRBs are 
inconsistent with the Ep-Eiao correlation, while they pos- 
sibly follow the Ep-Lp correlation. However, by the end 
of 2011 there are more than 10 SGRBs which have well- 
determined redshifts and spectral parameters so that we now 
can check if SGRBs have their own correlations among Ep, 
Lp and Eiso- 

Table 1 shows our list of SGRB candidates which are 
sele cted as GRBs with TJg'" = Tgo/il + 2) < 2 s follow- 
ing [Cruberelal] (I2OIII '). rather than Tgo < 2 s. The list 
contains the redshift z, the rest frame duration Tgo"*, the 
spectral peak energy Ep, the peak luminosity Lp in 64 ms 
of the observer- frame time bin, the isotropic energy -Eiso, 
class of SGRB candidates which will be explained later, and 
the reference. To make Table 1, we collected all GRBs by 
the end of 2011 with the value of Tgo"* < 2s, the measured 
redshift z, the spectral peak energy Ep, the peak flux Ep^obs 



in the time in GRB rest frame as discussed in lTsutsui et al.l 
l|201ll . l2012l ) for LGRBs. However, the number of SGRBs is 
so small to determine the best time bin of Lp that we adopt 
here 64 msec in the observer frame for all SGRBs cnadidates. 

For GRBs detected by Fermi/GBM (090423, 090510, 
100117A, 100206, 100816A), we analyze the spectrum with 
the software package RMFIlO (version 3.3rc8) and the GBM 
Response Matrices vl.8, following the guidance of the RM- 
FIT tutoriaB For the other GRBs, we obtained the data 
from the reference in Table 1. From these spectral parame- 
ters, peak fluxes and fluences, we can calculate the bolomet- 
ric isotropic energy Eiso and the peak luminosity Lp between 
the energy range of 1 -100,000 keV in G RB rest frame us- 
ing the Band function (|Band et al.lll993 ). Although in most 
of previous works, Lp and Eiso between 1-10,000 keV were 
adopted, in this paper we adopt 1-100,000 keV range, be- 



cause 090510 has Ep 



, 000 keV. Lp between 1-100,000 



keV of GRB 090510 is 5 times larger than that of between 
1-10,000 keV. For 090424, 050709, 051221, 061006, 070714B, 
071020, 080913, 100117A and 101219A, we used fixed high 
energy photon index as /3 = —2.25, because we can not ob- 
tain high energy photon index due to the lack of number of 
photons. For short GRBs with extended emission, Ep and 
Eiso were estimated for initial short /hard spikes. 

Here we defined SGRB candidates as GRBs with 
Tgo^* < 2 s. These are "candidates" because there might 
be some contamination from LGRBs with relatively short 
dura,t i on (IZhang et al.ll2009l : iLevesaue et al.ll2010l : iLii et al.) 
l2010l l. [zhang' et al. I (|2009h proposed multiple observational 
criteria from their physical motivations, such as supernova 
(SN) association, specific star formation rate (SFR) of the 
host galaxy, the location offset from the host galaxy, the 
duration, the hardness and the spectral lag, etc. However, 
because most of these observational properties are not avail- 
able in many cases, these criteria are not so useful in prac- 
tice. In t his L etter, we adopt much simpler criteria by 
iLii et al.l (|2010l ') which utilize the Ep-Eiso correlation for 
LGRBs as a discriminator against SGRBs. Thus, we define 
GRBs which have Tgg^^ < 2 s and are consistent with Ep- 
Eiso correlation for LGRBs within 3-a level as "misguided 
SGRBs" and the others as "secure SGRBs". That is, if a 
SGRB candidate is not consistent with the Ep-Eiso correla- 
tion for LGRBs, we regard it as a secure SGRB. 

Figure. [T]shows the Ep-Eiso (left) and Ep-Lp (right) di- 
agra ms for both SGRB cand idates in this Letter and LGRBs 
from lYonetoku et al.l l|2010l '). In the left of Fig. 1, the best fit 
function and 3-ct region of Ep-Eiso correlation for LGRBs 
are indicated by the black solid and dotted lines, respec- 
tively. A misguided SGRB which is located within 3-cr re- 
gion of the Ep-Eiso correlation for LGRBs is marked by 
a green filled circle, while a secure SGRB by a red filled 
square. We can see that the secure SGRBs are always un- 
der the best fit function of Ep-Eiso correlation for LGRBs 
although it can be above it from our definition of the secure 
SGRB. This suggests that Ep-Eiso correlation might exist 



^ http : / / fermi .gsfc. nasa.gov /ssc /data/ analysis / 

http: / /fermi. gsfc. nasa.gov/ssc/data/analysis/uscr/vc_rmfittutorial.pdf 
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Ep-Eiso and Ep-Lp Correlations for Short Gamma Ray Bursts 



even for secure SGRBs. In the left of Fig. 2 we plot only 
misguided(green filled circle) and secure (red filled square) 
SGRBs in Ep-Eiso diagram. The red solid line is the best fit 
fuction of Ep-Eiso correlation for secure SGRBs given by 



-Eiso ■ 



in51-42±0.15 -1/ 

10 erg s ' 



Ep 



(1) 



'774.5 keV 

The logarithmic correlation coefficient(r) is 0.91 with the 
chance probability (p) of 1.5 x 10"'' and the systematic error 
of 0.39 in logarithm. The dotted red line shows the 3-ct error. 
Since the p is small, we can say that Ep-Eiso correlation 
exists for secure SGRBs also. Therefore although it is correct 
that SGRBs do not obey Ep-Eiso correlation for LGRBs, 
which has been claimed, they do obey the different Ep-Eiso 
correlation with almost the same power law index but a 
factor ~ 100 smaller amplitude in -Eiso. 

Now let us discuss Ep-Lp correlation. In the right of 
Figure [U we plot misguided (green filled circle) and secure 
(filled square) SGRBs in Ep-Lp diagram. The best-fit func- 
tion and 3-cr region o f Ep-Lp correlation for LGRBs from 
lYonetoku et al.l (|2010l ) are indicated by the black solid and 
dotted lines, respectively. We can see that all secure SGRBs 
are located under the black solid line. This result is nontriv- 
ial because the definition of secure SGRBs is based on the 
Ep-Eiso diagram. This fact implies the existence of Ep-Lp 
correlation for secure SGRBs although all the secure SGRBs 
are within the 3-a errors of Ep-Lp correlation for LGRBs. 
In the right of Figure 2 we plot only misguided (green filled 
circle) and secure (filled square) SGRBs in Ep-Lp diagram. 
It is clear that secure SGRBs have their own correlation and 
the best-fit function is given by. 



Lp = 1052-29±O.066g^g 



Ep 



774.5 keV 



(2) 



with r = 0.98, p = 1.5 x 10"^ and systematic error of 0.13 in 
logarithm. The dotted red line shows the 3-a error. We can 
say that SGRBs obey Ep-Lp correlation with almost the 
same power law index but a factor ~ 10 smaller amplitude 
in Lp. From the value of r amd p, we can say that the -Ep- 
Lp correlation for secure SGRBs is tighter than the -Ep- 
-Eiso correlation for SGRBs. For this reason we use Eq.(2) 
as a distance indicator in chapter 3 to determine the pseudo 
redshift of SGRBs without measured redshift. 



3 REDSHIFT ESTIMATION 

From the analysis in the previous section, the Ep-Lp correla- 
tion for SGRBs derived would be a better distance indicator 
of SGRBs than the -Bp - -Eiso correlation. The best-fit func- 
tion of Eq. ([2]) can be rewritten using the observed quantities 
as 



10^ 



,52.29 



erg s 



E; 



'p,obs 



(3) 



(1-^^)1-59 4nFp '774.5 keV' ' 

where d_L, Ep^obs and Fp are the luminosity distance, the 
peak energy at the observer's rest frame and the peak 
flux, respectively. The right hand side of this equation con- 
sists of only the observable quantities. Therefore assuming 
the A-GDM cosmology with (flrnji^A) = (0.3,0.7), we can 
uniquely determine the redshift through the luminosity dis- 
tance which is a function of redshift. We call this as the 
pseudo redshift. The important point here is that the left 




Redshift 



Figure 3. The redshift distribution of SGRBs estimated by the 
best fit Ep-Lp correlation for SGRBa(Eq.(2)). We use d 71 bright 
BATSE SGRBs reported by iGhirlanda et al.l ||2009|) . and suc- 
ceeded in estimating the redshift for all events. Black dots are 
the pseudo z and Lp while red filled squares are those of se- 
cure SGRBs. Redshift z ranges from 0.097 to 2.581 with the 
mean < z > of 1.05. Note that for Swift LGRBs < z >~ 2.16 
I jakobsson et al.llioTj ). The solid line is a reference of flux limit 
ofF„ 



10 ° erg cm 



hand side of Eq. (3) is a monotonically increasing function 
of z from zero for z — to oo for 2 = oo so that a unique 
solution exists for any observed value of the right hand side. 

We used the data of 79 bright SGRBs observ ed by 
CGRO-BATSE reported by IGhirlanda et'aD (|2009l ). The 
Ep^obs values were not measured for 8 samples, so that fi- 
nally we use 71 samples listed in their list. They selected 
the events with the burst duration of Tgo,o6s < 2 sec and the 
peak photon flux of P > 3 photons cm~'^s~"'^ in 64 msec time 
resolution. They basically used the cutoff power-law (GPL) 
model to measure the spectral parameters. Using Eq. ((3]), we 
can estimate the pseudo redshifts of all 71 SGRBs. In Fig.O 
we show the distribution on the {z, Lp) plane. The solid line 
is a reference of flux limit of Fp = 10~® erg cm~'^s~^. We ex- 
pect more dim SGRBs under this solid line. We found that 
the pseudo z ranges from 0.097 to 2.581. The mean pseudo 
redshift < z > is 1.05. We note her e that for Swift LGRBs 
< z >= 2.16 Ijakobsson et al In Fig. 2, there are few 

SGRBs for low z with large Lp. This might be a selection 
effect since the comoving volume is in proportion to z"^ for 
z < 1 so that the SGRB with large Lp would be rare. For 
2 > 1, we do not see such an effect. Althoug h in principle we 
can de termine the luminosity function as in lYonetoku et aU 
(|2004h . in practice, the number of SGRBs is too small to do 
so. 

Figure. [3] shows that the pseudo redshift distribution 
of the bright BATSE SGRBs has a rather sharp cut off 
around z = 2.5. This favors the compact star merger sce- 
nario of SGRBs since the time is needed for the binary 
to merge so that there should be the maximum redshift of 
SGRBs. Our re sult seems to be different from the result of 
IGhirlanda et al.. (2Q04) in which the distribution of pseudo 
redshifts of SGRBs are similar to that of LGRBs. This is 
because they as s umed the Ep-Lp correlation for LGRBs in 



lYonetoku et all (|2004l '). The correlation for LGRBs can be 
rewritten as Lp = lO''^'^^ (Ep/774.5)^ which is lO" '' times 
brighter than Eq. (2) and then assuming such a bright cor- 
relation overestimates pseudo redshifts. We used the corre- 
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10^ 10^ 10* 10^ 10^ 10" 

Ep [keV] Ep [keV] 



Figure 1. The Ep - E-^^a (left) and Ep - Lp (right) diagrams. The LGRBs from I Yonetoku et al. are marked with black filled 

triangles, misguided SGRBs with green filled circles, and secure SGRBs with red filled squares. The best fit function and 3-(t dispersion 
of the correlations of LGRBs from lYonetoku et al.l | |2010| ) are indicated with black solid and dotted lines, respectively. In this figure, the 
peak luminosities of LGRBs are defined by 1024 msec bin in observer frame, while those of SGRBs are by 64 msec bin in observer frame. 




10^ 10^ 10* 10^ 10^ 10* 

Ep [keV] Ep [keV] 



Figure 2. (Left) The Ep - Eiso diagram for SGRBs. (Right) The Ep - Lp diagram for SGRBs. In each figure, misguided SGRBs are 
marked with green filled circles, and secure SGRBs with red filled squares. The best fit function and 3-cr dispersion are indicated with 
red solid and dotted lines, respectively. 



lation constructed with only secure SGRBs, and then our 
result would be much more reliable. 



4 DISCUSSIONS 

Recently, IZhang et al.l (|2012l ) studied the Ep-Eiao correla- 
tion for seven SGRBs, but did not obtain an Ep-Lp cor- 
relation for SGRBs themselves. They concluded that short 
GRBs are consistent with the Ep-Lp correlation for LGRBs. 
Their seven SGRBs are included in our eight secure SGRBs 
and our result for the Ep-Eiso correlation seems to be al- 



most consistent with their result. Our result for the Ep-Lp 
correlation, however, seems to be different from their re- 
sult. In our analysis, the distribution of secure SGRBs in 
the Ep-Lp diagram is clearly different from that of LGRBs. 
Although all of secure SGRBs are located in 3-a disper- 
sion region of the Ep-Lp correlation for SGRBs, the best- 
fit function for SGRBs is different from that for LGRBs 

(Lp = 1052.97±0.037g^gg-l(^^/774 5 ]^gy)1.60±0.082)^ 

ure [4] compares the best-fit parameters and their l-cr un- 
certainties of the Ep-Lp correlations for LGRBs (black) 
and SGRBs (red). We assumed the functional form Lp = 
10-* erg s"^ X (£;p/774.5 keV)-^ and the values of A and B for 
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Table 1. List of all SGRB candidates until the end of 2011 used for the analysis. Each column corresponds to the redshift z, the rest 
frame duration Tqq'^*' = T9o/(l + z), the spectral peak energy Ep, the peak luminosity Lp in 64 ms of the observer frame time bin, the 
isotropic energy -Eiso, class of SGRB candidates and the reference, respectively. For details see the text. 



ORB redshift T^g=' [sec] Ep [kcV] Lp [crg/s] Ei^o [erg] class rcP 



040924 


0.86 


0.81 


124.55+"'i5 

— 11.15 


(2.28l0;25) X 1052 


(1.0110-05) X 1052 


misguided 


(1) 


050709^ 


0.16 


0.60 




(7.51+0-^';) X 1050 


(4.33+0-29) X 10*9 


secure 


(2) 


051221 


0.55 


0.91 




(2.7710-20) X 1052 
(2.06+0-15) X 1052 


(3.53+0-«) X 1051 


secure 


(3) 


061006 


0.44 


0.35 


954.63liij^ 


(9.83+0.20) ^ -^gsi 


secure 


(4) 


070714B 


0.92 


1.04 


2150.40l^l0:f, 
1012 69+152 94 
1008.05li^52__52 


(6.56i;-^^) X 1052 


(1.61+0-1^) X 1052 


secure 


(5) 


071020 


2.15 


1.11 


(3.06+;-;55) X ^q53 


(1.24l0;04) X 1053 


misguided 


(6) 


080913 


6.70 


1.04 


(3.1810^28) ^ 1053 

(4.631*^-^5) X 1053 


(1.09+0-Ji) X 1053 


misguided 


(7) 


090423 


8.26 


1.30 


612.36+1^^53 


(1.17lJ-:«) X 1053 


misguided 


(8) 


090510 


0.90 


0.16 




(1.04+0-24) X 1054 


(4.5411-05) X 1052 


secure 


(8) 


100117A 


0.92 


0.16 


936.96l29T;^o 


(1.8910-21) X 1052 

(9.98+11350) X 1051 


(1.87+0-23) X 1051 


secure 


(8) 


100206 


0.41 


0.09 


638.98li^i;21 


(7.63l^-J^) X 1050 


secure 


(8) 


100816A 


0.81 


1.11 


235.36+15-74 


(9.6911-^5) X 1051 


(9.0311-^2) X 1051 


misguided 


(8) 


101219A 


0.72 


0.35 


841.82110^,56 


(1.56l0;24) X 1052 


(8.8111-00) X 1051 


secure 


(9) 



° References for spectr al parameters , peak fluxes and fluences: (llGolenetskii et alJ ll2004l) ; (2 ) ^Villasenor_et^jil" 



Golenetskii et al. 



Golenetskii et al. 




al parameters , peak fluxes and fluences: (llGolenetskii et alJ 1120041') ; (2 
; iNorris et al.l i200pf) : (i) iGolenetskii et akl ||2006^ : (5) lOhno etal\ ||20( 



70 msec peak luminosity 



; C7") |ParShin et alj j2008h : IStamatikos et al.l l|2008l ') : (8) This work ; (9) 



1I2OO7); Kod aka et al 
Golenetskii et al.l (12010) 



lp 

i 



2005!) 
2007) 



(3) 
(6) 



LGRBs are taken from lYonetoku et all ||2010l). The best fit 
value of A for SGRBs is different from that for LGRBs at 3-cr 
statistical level. This is clearly inconsistent with the conclu- 
sions of previous works (|Zhang et al.ll2012l :[ Ghirlanda et al.l 
[iooi). There are some reasons why there are such difference. 
First of all, our peak luminosities defined unif ormly by ob- 
server 64 msec resolution for all SGRBs, while IZhang et ahl 
1I2OI2I ) use different time resolutions reported by observa- 
tion teams, which makes systematic dispersion in the Ep- 
Lp correlation ((Yo nctoku ct al. 2010). Secondly, we use -Eiso 
and Lp between 1-100,000 keV in GRB rest frame, while 
did between 1-10,000 keV. Therefore 
underesimates Lp. Especially for 090510 
the underestimation amounts a factor ~ 0.2. For these rea- 
sons, our E p-Lp correlat i on for SGRBs seems much tighter 
than that of lZhang et"ai1 \2Q1% and is inconsistent with the 



Zhang et al 



Zhang et al 



In this Letter, we suggested possible correlations among 
even for SGRBs. However, the correlations 
for SGRBs are much dimmer than those for LGRBs. The 
Ep-Eiao (Ep-Lp) correlation for SGRBs is approximately 
10~2 (10~i) times dimmer than that for LGRBs. For the 
Ep-Lp correlation for SGRBs, similar arguments have been 



Ep, Lp and Ei 



made by some authors (|Ghirlanda et aL I T2OO9I : IZhang et al.l 
|2012| ). but we for the first time argue that there exist distinct 
Ep-Eiao and Ep-Lp correlations for SGRBs. 

The distinction between SGRBs and LGRBs becomes 
much clear er if we us e the g old sample of LGRBs com- 
piled by iTsutsui et al.l (|2012l ). Pfsutsui et all (j2012) argued 
that there are two Ep-Lp correlations, one is for small- 
ADCL GRBs and the other is for large- ADC L GRBs, where 
ADCL stands for Absolute Deviations from Constant Lumi- 
nosity. In figure [SI we shows the Ep-Lp diagram for small- 
ADCL LGRBs (black filled circles), large- ADCL LGRBs 
(blue filled triangles), and secure SGRBs (red squares). The 




53.2 



Figure 4. The best fit parameters and their 1-cr uncertainties of 
the Ep-Lp correlations for LGRBs (black) and SGRBs (red). "We 
assumed the functional form Lp = 10"^er g s~l X (Ep/774.5keV)^ 
and the values for LGRBs are taken from lYonetoku et al ] ||2010h . 
The best fit value of A for SGRBs is different from that of for 
LGRBs at 3-a statistical level. 



outliers of gold sample in iTsutsui et all l|2012l ) and mis- 
guided SGRBs are removed from this figure. We can see the 
existence of three distinct Ep-Lp correlations with almost 
the same power law index and different amplitudes. 

The accurate functional forms of Ep-Eiao and Ep-Lp 
correlation are very important to study the progenitor and 
the radiation mechanism of SGRBs. At present the system- 
atic error is rather large, that is , 0.13(0.39) in logarithm 
for Ep-Lp (Ep-Eiao) , respectively. This is mainly due to the 
small numer of secure SGRBs, which prevents more detailed 
analysis. In conclusion we need more data of SGRBs with 
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10^ 10^ 10" 



Ep [keV] 

Figure 5. The E-p - Lp diagra m both for sho r t and long GRBs. 
The LGRBs from gold sample in iTsutsui et"all l l2012h are marked 
with black filled circles (small- ADCL GRBs) and blue filled 
triangles (large-AD CL GRBs). The outliers of gold sample in 
iTsutsui et"aiT l l2012l) and misguided GRBs are removed from this 
figure. 

accurate z, Ep, Lp and -Biso to confirm or refute the Ep-Eiso 
and Ep-Lp correlations for SGRBs suggested in this Letter. 



ACKNOWLEDGMENTS 

This work is supported in part by the Grant-in-Aid for 
Young Scientists (B) from the Japan Society for Promo- 
tion of Science (JSPS), No.24740116(RT), by the Grant-in- 
Aid from the Ministry of Education, Culture, Sports, Sci- 
ence and Technology (MEXT) of Japan, No. 23540305, No. 
24103006 (TN), No. 20674002 (DY), No.23740179, 24111710, 
and 24340048 (KT), and by the Grant-in-Aid for the global 
COE program The Next Generation of Physics, Spun from 
UmversaUty and Emergence at Kyoto University. 



REFERENCES 

Amati L., 2006, Monthly Notices of the Royal Astronomical 

Society, 372, 233 
Amati L., Frontera F., Guidorzi C., 2009, Astronomy and 

Astrophysics, 508, 173 
Amati L. et al., 2002, Astronomy and Astrophysics, 390, 

81 

Band D. et al., 1993, Astrophysical Journal, 413, 281 



Band D. L., Preece R. D., 2005, The Astrophysical Journal, 
627, 319 

Butler N. R., Kocevski D., Bloom J. S., Curtis J. L., 2007, 

The Astrophysical Journal, 671, 656 
Ghirlanda G., Ghisellini G., Celotti A., 2004, Astronomy 

and Astrophysics, 422, L55 
Ghirlanda G., Ghisellini G., Firmani C, 2005a, Monthly 

Notices of the Royal Astronomical Society: Letters, 361, 

LIO 

Ghirlanda G., Ghisellini G., Firmani C, Celotti A., Bosn- 
jak Z., 2005b, Monthly Notices of the Royal Astronomical 
Society: Letters, 360, L45 

Ghirlanda G., Ghisellini G., Nava L., Burlon D., 2011, 
Monthly Notices of the Royal Astronomical Society: Let- 
ters, 410, L47 

Ghirlanda G., Nava L., Ghisellini G., 2010, Astronomy and 

Astrophysics, 511, 43 
Ghirlanda G., Nava L., Ghisellini G., Celotti A., Firmani 

C, 2009, Astronomy and Astrophysics, 496, 585 
Golenetskii S. et al., 2010, GRB Coordinates Network, 1147 
Golenetskii S., Aptekar R., Mazets E., Pal'Shin V., Fred- 

eriks D., Cline T., 2004, GRB Coordinates Network, 2754, 

1 

Golenetskii S., Aptekar R., Mazets E., Pal'Shin V., Fred- 
eriks D., Cline T., 2005, GRB Coordinates Network, 4394, 
1 

Golenetskii S., Aptekar R., Mazets E., Pal'Shin V., Fred- 
eriks D., Cline T., 2006, GRB Coordinates Network, 5710, 
1 

Golenetskii S., Aptekar R., Mazets E., Pal'Shin V., Fred- 
eriks D., Cline T., 2007, GRB Coordinates Network, 6960, 
1 

Gruber D. et al., 2011, Astronomy & Astrophysics, 531, 20 
Jakobsson P. et al., 2012, The Astrophysical Journal, 752, 
62 

Kodaka N. et al., 2007, GRB Coordinates Network, 6637, 
1 

Krimm H. A. et al., 2009, The Astrophysical Journal, 704, 
1405 

Lamb D. Q. et al., 2004, New Astronomy Reviews, 48, 423 
Levesque E. M. et al., 2010, Monthly Notices of the Royal 

Astronomical Society, 401, 963 
Lii H.-J., Liang E.-W., Zhang B.-B., Zhang B., 2010, The 

Astrophysical Journal, 725, 1965 
Nakar E., Piran T., 2005, Monthly Notices of the Royal 

Astronomical Society: Letters, 360, L73 
Norris J., Sakamoto T., Band D., Barthelmy S., 2005, GRB 

Coordinates Network, 4388, 1 
Ohno M., loka K., Yamaoka K., Tashiro M., Fukazawa Y., 

Nakagawa Y. E., 2009, Publications of the Astronomical 

Society of Japan, 61, 201 
Ohno M. et al., 2007, GRB Coordinates Network, 6638, 1 
Pal'Shin V. et al., 2008, GRB Coordinates Network, 8256, 

1 

Sakamoto T. et al., 2004, The Astrophysical Journal, 602, 
875 

Shahmoradi A., Nemiroff R., 2010, Monthly Notices of the 

Royal Astronomical Society, 407, 2075 
Stamatikos M. et al., 2008, GRB Coordinates Network, 

8222, 1 

Tsutsui R., Nakamura T., Yonetoku D., Murakami T., Ko- 
dama Y., Takahashi K., 2009, Journal of Cosmology and 



© 2008 RAS, MNRAS 000, [T]-?? 



Ep-Eiso and E^-Lp Correlations for Short Gamma Ray Bursts 



Astroparticle Physics, 08, 015 

Tsutsui R., Nakamura T., Yonetoku D., Murakami T., 
Morihara Y., Takahashi K., 2011, Publications of the As- 
tronomical Society of Japan, 63, 741, (c) 2011: Astronom- 
ical Society of Japan 

Tsutsui R., Nakamura T., Yonetoku D., Takahashi K., 
Morihara Y., 2012, eprint arXiv, 1201, 2763, 10 pages, 
8 figures, 2 tables. Submitted to PASJ 

Villasenor J. S. et al., 2005, Nature, 437, 855 

Yonetoku D., Murakami T., Nakamura T., Yamazaki R., 
Inoue A. K., loka K., 2004, The Astrophysical Journal, 
609, 935 

Yonetoku D., Murakami T., Tsutsui R., Nakamura T., 
Morihara Y., Takahashi K., 2010, Publications of the As- 
tronomical Society of Japan, 62, 1495, (c) 2010: Astro- 
nomical Society of Japan 
Zhang B. et al., 2009, The Astrophysical Journal, 703, 1696 
Zhang F.-W., Shao L., Yan J.-Z., Wei D.-M., 2012, eprint 
arXiv, 1201, 1549, 26 pages, 9 figures 



© 2008 RAS, MNRAS 000, [T]-?? 



